AD-A209  347 


I 


(.r>9v 


OFHCE  OF  NAVAL  RESEARCH 
Contract  N00014-87-K-0541 
R&TCode4133020 
Technical  Report  No.  10 


Modelling  the  In  Situ  Infrared  Reflection-Absoiption  Spectra  of  the  Diffuse  Layer 

by 

P.W.  Faguy,  S.  McCullough  and  W.R.  Fawcett 

Prepared  for  Presentation 
at 

The  Electrochemical  Society  Meeting 
Los  Angeles,  CA,  May  1989 


May  1, 1989 


Reproduction  in  whole  or  in  part  is  permitted 
for  any  purpose  of  the  United  States  Government 


"This  document  has  been  approved  for  public  release 
and  sale;  its  distribution  is  unlimited" 


89  6  20  015 


52 


^  vm  «iK  «Mi»iiii  I  m— rt  ow 

Modelling  the  In  Situ  Infrared  Reflection-Absorption  [  May  1,  1989 
Spectra  of  the  Diffuse  Layer 


tW  Faguy,  S.  McCullough  and  W.R.  Fawcett 


Department  of  Chemistry 
University,  of  California 
Davis,  CA  95616 


I  m  OfOTMOt  N& 


<aN00014-87-K-0541 


Office  of  Naval  Research 
800  N.  Quincy 
Arlington,  VA  22217-5000 


•!  MaaM  4  Mxa*  e»«iw« 


Prepared  for  Presentation  at:  The  Electrochemical  Society  Meeting, 
Los  Angeles,  CA,  May  1989 


>  Using  a  stratified  medium  model  for  the  electrochemical  interface  and 
Gouy- Chapman-Stern  theory  of  the  double  layer,  a  method  to  model  infrared 
reflection-absorption  spectra  of  the’ diffuse  layer  is  developed.  This 
method  is  applied  to  spectra  obtained  in  the  double  layer  region  for  aprotic, 
organic  electrolytes  on  gold  electrodes.  t(e.yt^,rr  h  : 


•••■••I*  Om  (TM*  Ba—iW 

Unclassified. 


•  sf'i  t  :iii  a  •  iti>i:a  (iitii 


75-Word  Abstract  Form 

fxiMidod  Abstract  must  b*  MtomWod  wtth  th*  7»-Word  Abstract  by  Oocombof  1,  IMS 

Los  Angeles,  California — May  7-12, 1989 


8tibtiims;TI>s aeslwebssilosl toeisty.  Ins.  I*-  -  v/i', 

10  •ssMi  Main  ttraat,  Osnnbi^n.  NJ  OOOM-aooo  ^  •sattnss  by  i 

WNb a ceoy Is tba OrfsiiWng Chairman  ,  ^  ^  ^  u  ■  j. 

In  Situ  Techniques  for  Electrochemistry 

(TKIa  of  Symposium) 

Sponsorsd  by  . Ph^si  cal. . Electrochemi s try . 

(Division/Group) 

Fiodeling  the  In  situ  Infrared  Reflection-Absorption  Spectra 

TItkiof  papar . . 

of  the  Diffuse  Double  Layer. 


Autftom  (Undsrtlna  nanw  of  auttior  praaanting  papar.) . 


L». .S ...McCullough, . .W. R .  Fawcett 


Buimaaa  affiltaUon  and  addrasa 


Department  of  Chemistry 


. .  .Un  Ive  rs.i.  ty. .  qf .  Cftl  .1  f  P.r.n  i.a. ,  Da.v.i.  s . 

Cal  .if  p.rni  a . 95616  (916)  752-4261 


(StaM  or  Country) 


(ZIP  Coda) 


(Talaphona  No.) 


(Typo  aSairaat  In  Wa  aiaa-deuMa-apaead.) 

Using  a  stratified  r.iedium  model  for  the  electrochemical  interface  and 
Gouy-Chapman-Stern  theory  of  the  double  layer  a  method  to  model  infrared 
reflection-absorption  spectra  of  the  diffuse  layer  is  developed.  This  method 
is  applied  to  spectra  obtained  in  the  double  layer  region  for  aprotic,  organic 

electrolytes  on  gold  electr^^^^^,^  ror 

“ntis  gram  a[ 

DTIC  TAB  CT 

Unannounced  O 

Justif loation_ - 


By - - - 

Distribution/ _ 

Availability  Codes 
~  Avai’l  and/or 
Dlst  Special 


Do  yoN  rsbulra  any  midlovlaual  a<|ulpinant1 
□  M  mm  (S  X  8  In.)  sMto  profaelor 


ShsaNy  aOiar  (anblnat  to  avallabimy 


l^aa  thn  Intormabon  In  Ihto  abstract  bean 
-praaantod  vaibaiy,  stibmittod  tar  pubNealton, 
or  puMtohad? 

□  Yaa  □  Na 

if  iha  answar  la  yaa,  plaaaa  pravMa  tha 

TVawaVi^BV  Ml  mW  MMMV  Mi  MIMlIMm  VMMIW 


la  a  hdl  langih 


on  Mda  sforti  to  ba  aabmlttod  tar  taclaty  Jaamal  piibIteattanT  □  Yaa  □  No 


PtoafiptaaanladbataraaaoclarytaennldaliwaaanBbaoowatnapfopnnyofmaioclatyawdmaynoibapuMlinadaNaiimarammoutwmtan 

pamiladano«ttialocmy.Paaimpra^i^at^pw^ynn^||iaa^»y^wgt^aiimoradbyama«"narorapcrMcradbyanactl¥awawaar. 

toiiii  name  H  ledaw  wimairaumor  mipoitiaor . 


t 


I 


I 


TUnitllhii  tkt  tm  SUa  lairuraA  Rtfltdloa* 
AbMrptiw  Spadra  at  tkc  DIAnt  Doatrte  Layer. 


P.W.  Amy.  S.  McCaUoufh,  W.R.  Fawcett 

Depatmeat  of  Ghemisffy. 

Uttveniiy  of  Ciiifioniia. 

Oavia.CA  9561MI39S 


Tbe  aenaitivity  of  in  sim  IRRAS  techniqoeti  sach  as 
EMDtS  and  SNlFTutS  to  mnlnaila  stractura  $t  the  electrode  / 
electrolyte  iaaBrftce  ariaea  Cnom  the  coopliaf  of  two  phyaical 
phenotBBna:  the  local  iocieaae  in  the  electric  field  strentih  for 
paralld  poiariaed  Ufht  reflect  tt  the  surface  of  the  eketfod^  and 
the  poaential  (hop  acroaa  the  double  law.  In  the  EhORS  or 
SNIPI'IRS  eaperunent  there  ia  enhanced  aenaidvity  to  apecica 
praseai  widda  a  fow  waveleagiha  of  the  IR  ratUatte  fnm  the 
elecaode  anifaoe  and  only  to  ihoae  species  which  chanfe  due  to 
the  applied  ekorochetnical  pocend^  At  ite  diffhae  layer  ia 
typicafiy  10  «  100  A  for  these  experiments^  and  as  the  larfe 
dacaoBBaaiede  field  at  the  metal  surnoe  decays  over  much  lonfv 
diataace^.  2  •  20  iim.  the  leaultaat  in  rim  ipectra  will  be  a 
function  of  the  pradnet  of  these  two  effocts  integrated  over  the 
complete  difhae  layer.  Thus  with  such  techniques  the  diffuse 
layer  is  probed  to  almost  the  same  extent  u  is  the  electrode 
stsface. 

This  paper  presents  a  method  for  caiculadng  the  in  situ 
infrared  reflecdoo-abaorption  spectra  for  species  present  in  the 
diffoae  layer  baaed  on  a  stratified  media  model  of  tbe  electrode  / 
electrolyte  interface,  OQuy-Cbaptaan-Stera  theory  and  the 
aaeanated  total  leflecdon  IR  spectra  of  the  electrolyte  soindoos. 

In  order  to  calculate  relecdon-absorptioa  spectra  it  is 
necessary  to  construct  an  opdcai  model  of  the  interfooe.  Figure  I 
is  a  schemadc  drawing  showia|  an  N  layer  S3rttem  consiadng  of  a 
non-absoibiag  semi*iaflnitB  imdal  phase.  N'2  planar  finite  strata 
and  an  abaorbing  send-inflaite  nnal  phase.  This  approach 
assumae  that  the  in^  am  isotropic,  homogeneous,  linear  and  that 
the  dielectric  cotwaat  is  indqtendent  of  posidon  within  an 
indhridnal  layer. A5  Calculaiiona  of  opdcai  perameten  tar  the  in 
Jiai  experiment,  based  on  similar  mod^  have  beeareponed.^^ 

In  this  treatment,  the  matrix  formalism  developed  by 
Haaaea^  for  tbe  N  layw  system  will  be  apply  to  a  stratified 
fflsdiam  where  the  3rd  ihroMh  N>2  ooinpooents  represent  the 
dUThae  layer  as  is  shown  ia  ngutt  1.  Bach  of  these  N-4  stiau 
will  have  a  dieleetrk  constant  and  characteristic  thickness 
associated  with  it,  obtaiacd  from  bulk  sointion  and  solvent  values 
and  OSC  theory.  The  ml  and  the  imagioary  components  of  the 
dMacme  oonaoms  ate  calculated  usiM  ATR  ffleasaremm  of  the 
bulk  components  and  the  ^piopaiatemsnelequadona.*^ 

Modelled  and  measured  spectra  for  gold  electrodes,  using 
alkali  perehlome  salts  in  dimethylfoimaoiide  and  acetonioile 
soladoas  win  be  ptaaei^ 
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Figure  1.  Multiple  layer  optical  model  of  the  electrode/ 
electrolyte  interf^ 
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